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 The cell cycle and cell cycle-associated 
 proteins play essential roles in cell fate, 
including cell replication, cell death, and 
cell function. Numerous examples can be 
found in the literature of the infl uence of 
these proteins on kidney cell-specifi c syn-
dromes, such as acute kidney injury, 
chronic renal failure, polycystic kidney 
disease, glomerulonephritis, and other 
glomerulopathies. 1 At present, the most 
well-characterized cell-cycle proteins 
aff ecting kidney-cell fate are the serine /
 threonine kinases Cdk1 and Cdk2 and 
proteins acting as inhibitors of these 
kinases, p21 and p27. Recently, Shankland 
and his co-workers have expanded this 
list of infl uential proteins by studying an 
unconventional  “ cell-cycle ” kinase, Cdk5, 2 
and its potential activators, p35 (ref. 3) and 
cyclin I. 4 
 Cyclin-dependent kinase-5 (Cdk5) was 
first discovered as a protein with a 
sequence similar to those of Cdk1 and 
Cdk2 but was unconventional, as its 
 activity was not coordinated with the cell 
cycle; rather, it was involved in regulation 
of the cytoskeleton and membrane 
 transport. 5 A critical role for expression 
of Cdk5 during development was demon-
strated by its targeted deletion;  Cdk5   – / –  
mice had severe lesions in the brain and 
spinal cord, resulting in 60 % embryo nic 
lethality and the death of the remaining 
40 % immediately after birth. 6 Lesions 
were not found in other tissues, including 
heart, lung, liver, and kidney. Targeted 
deletion of the Cdk5 activators p35, p39, 
and cyclin I 4,7 did not result in phenotypic 
abnormalities, but  p35  – / –  p39  – / –  double 
mutants exhibited a phenotype identical 
to that of  Cdk5  – / –  mice, demonstrating 
redundancy of these proteins, at least 
during development. 
 Not only was the role of Cdk5 in neu-
ronal development clearly demonstrated 
by the severe central nervous system 
defects in  Cdk5  – / –  mice, but later its 
involvement in many neuronal cell-
death cascades was shown. Apoptotic 
cell death was prevalent in the brains of 
these knockout mice, and  Cdk5  – / –  neu-
rons also displayed higher sensitivity to 
ultraviolet irradiation  in vitro . 8 Partici-
pation of both Cdk5 and p35 seems to be 
necessary in cell-death pathways. Th e 
cleavage of p35 to p25 initiates both a 
dysregulated activation of Cdk5 and 
translocation of Cdk5 from a perinuclear 
localization in control neurons into the 
nuclei of stressed neurons. 9 Apoptosis 
was subsequently associated with 
Cdk5 / p35 activity not only in neurons 
but also in other cell types, including 
prostate cancer cells, pancreatic   -cells, 
and developing mouse embryos. Fur-
thermore, in diff erentiated podocytes, 
inhibition of Cdk5 activity induced cellu-
lar elongation and loss of the character-
istic arborized phenotype, suggesting 
that Cdk5 may also have an important 
function in podocyte morphology and, 
ultimately, renal physiology. 2 
 The focus of the present work by 
Shankland and colleagues 3 (this issue) is 
on p35, one of the activators of Cdk5. 
Using knockouts of p35, the authors con-
fi rm the lack of phenotypic changes in 
these mice, even though they probed 
kidney ultrastructure and protein expres-
sion, which was not described in the 
original observations of these mice. 7 
Since  Cdk5  – / –  mice have severe develop-
mental defects, the lack of phenotype in 
 p35  – / –  mice indicates either that p35 is 
redundant for Cdk5 activity in the kidney 
or that Cdk5 activity does not contribute 
to kidney organogenesis. Th e p35 protein 
is redundant for Cdk5 activity in other 
organs, 6 but Cdk5 activity was not meas-
ured in this present study. However, these 
authors, studying a knockout of cyclin I, 
another Cdk5 activator, 4 showed that even 
though the knockout lacked developmen-
tal or other phenotypic changes, Cdk5 
activity was lowered. 10 It could be 
expected that a p35 deletion would also 
lower Cdk5 activity, albeit to tolerable lev-
els. Signifi cantly, it was found that podo-
cytes isolated from  cyclin I  – / –  mice had 
much-reduced protein levels of Bcl-2 and 
increased apoptosis when exposed to 
ultraviolet irradiation, fi ndings similar to 
those now presented in podocytes from 
 p35  – / –  mice. Curiously, the control of Bcl-
2 protein expression exerted by cyclin I or 
p35 could be diff erent. Both signifi cantly 
lowered Bcl-2 protein levels, but whereas 
cyclin I deletion also lowered mRNA 
 levels, Bcl-2 mRNA levels were unaff ected 
by the lack of p35. Th e present work by 
Shankland and colleagues 3 expands the 
range of apoptotic stimuli that increase 
susceptibility of  p35  – / –  podocytes to cell 
death to include serum depletion, puro-
mycin aminonucleoside, and transform-
ing growth factor-  1, implying that Bcl-2 
could also be an effector in these cell-
death pathways ( Figure 1 ). Following the 
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administration of anti-glomerular anti-
body to induce experimental glomeru-
lonephritis,  p35  – / –  mice had increased 
podocyte apoptosis, proteinuria, and 
glomerulosclerosis. In both the  p35  – / –  and 
the  cyclin I  – / –  podocytes, overexpression of 
Bcl-2 prevented increased apoptosis 
induced by ultraviolet irradiation. It is sig-
nifi cant that the Bcl-2 protein, associated 
with mitochondrial integrity, should be 
implicated in Cdk5 – p35 – cyclin I pathways, 
since Cdk5 activity was recently shown in 
neurons to play a role in mitochondrial 
fragmentation, 11 an event corre lated with 
cell death which also may be infl uenced by 
Bcl-2 and a family member, Bcl-xL. 
 Th ese studies point convincingly to the 
conclusion that Cdk5 and the family of 
Cdk5-interacting proteins contribute to 
podocyte reaction to several different 
stresses. Th ese proteins could therefore be 
instrumental in controlling susceptibility 
to diabetic nephropathy and to glomeru-
lar disease and fi brosis associated with 
chronic renal failure. Since Cdk5 has not 
been shown previously to control cell-
cycle events, it would be interesting to 
investigate whether this family of proteins 
also plays a role in models of glomerular 
hyperplasia or hypertrophy, in which cell-
cycle activity should play a role. 
 It seems to be more the rule than the 
exception that cell-cycle proteins, once 
thought to be essential for replication and 
survival, are found to be redundant, espe-
cially in higher eukaryotes. 12 In fact, many 
of the unique functions of these proteins 
are revealed only aft er stress. It is possible 
that the essential roles of these proteins 
are still waiting to be discovered, much 
like the fi nding that the essential function 
of cyclin E, a redundant activator of Cdk2, 
is independent of Cdk activity and protein 
phosphorylation. 13 Investigations similar 
to those of Shankland and his colleagues 3 
might show this to be the case for p35. 
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 Figure 1  |  Influence of Cdk5 and its activators in cell death . The intrinsic pathway of cell death is 
dependent on BAK/BAX-mediated mitochondrial outer membrane permeabilization and release of 
intermembrane proteins, a point-of-no-return. The activity of BAK/BAX is controlled by pro-survival 
Bcl-2 family proteins and pro-death BH3-only proteins. In turn, these proteins are influenced by 
factors that can be cell-type dependent. TGF  -  , transforming growth factor-  ; UV, ultraviolet. 
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